INTRODUCTION

What are Active Regions?

An active region (AR) is an area on the sun with a prominent bipolar magnetic field. This dense
magnetic bipolarity is what makes an active region different from the surrounding “quiet” sun. The
plasma medium of the sun follows the magnetic field lines of an active region causing
characteristic magnetic flux “loops” to emerge. If an active region is on the edge of the solar disk
(the “limb”), these coronal loops are traced out against the sky. The appearance of an active
region, however, depends on both the wavelength is it viewed in as well as the angle at which it is
observed. Figure 7 shows an AR in extreme ultraviolet, in a magnetogram, and at the limb. The
sun is a dynamic system and has many processes in play making any one active region
temporary and their lifetime depends mostly on their size (Canfield, R. 2000).
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Figure 1. Images displaying
active regions.
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Active regions can produce solar flares and coronal mass ejections (CMEs). A CME is the
mass discharge of magnetized plasma from the surface of the sun. CMEs are of particular
importance to space weather forecasters and scientists in general because they are well known
to cause strong geomagnetic storms that potentially have serious impacts on our ionosphere,
atmosphere, and on the ground.

Space Weather Forecasting

Space weather forecasters in the Community Coordinated Modeling Center (CCMC) at NASA
Goddard are able to use tools like the integrated Space Weather Analysis system (iISWA) to study
and forecast space weather. There are over 300 different signets that can be used to display data
from different sources. Figure 2 shows a few examples that are useful to space weather
forecasters when looking at active regions. These tools include images at different wavelengths
and line-of-sight magnetic field of the sun (black and white indicating polarities).
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Background

ARs on the sun are directly related to space weather phenomena like flares and coronal mass
ejections. Predicting when and where ARs will emerge at the surface of the sun would therefore
strengthen our space weather forecasting abilities. Solar Dynamics Observatory (SDO) provides
images of the magnetic field (magnetograms) and Doppler velocity (dopplergrams) in the
photosphere of the sun. Oscillations present in the Dopplergrams allows the emergence of ARs
to be studied.

It is well known that global oscillations travel through the solar interior and are modified in the
presence of a magnetic field. This means, the oscillation patterns in the quiet, non-active sun are
different from oscillation patterns in and around ARs.

With the motivation of predicting ARs, the hours prior to AR emergence are of great
importance. Magnetogram data provide a time when the magnetic field of the active region
reaches the solar surface.

e Compute Fast Fourier Transforms (FFTs) of SDO Dopplergrams to calculate oscillation patterns

e Compare the calculated oscillation period and oscillation powers to AR emergence time in the
magnetograms.

e Qualitatively analyze if there is any time delay between a change in oscillation power and the
time of the AR emergence.
Helioseismologists have known oscillations on the sun are predominantly of 5-minute and 3-
minute periodicities. The prevailing period of the oscillations on the quiet sun are 5-minutes. In
and around ARs it has been observed that the oscillations are of 3-minute periods.
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METHOD

SDO HMI data of an emerging active region from 2010-09-01T12:00Z to 2010-09-02T12:00Z
(24 hours) was taken and deprojected using two deprojection schemes, Lambert Cylindrical (LC)
and Postel. Figure 3 (below) shows how the data was manipulated further.
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Figure 4. Evolving magnetic flux and emerging active region in the white box over 24 hours.
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Figure 5. Three minute oscillation power map Figure 6. Five minute oscillation power map.
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Figure 4 shows the evolution of the
magnetic field of the AR. Graph 7 is the
integral of the absolute magnetic flux over
the 24-hour period inside the boxed
region. The increase in magnetic flux is
an indication of the start of the AR
emergence. For the active region studied,
this occurs around the 11th hour (see red
arrow and dashed line in all graphs).
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DISCUSSION

Comparing the flux emergence time with the change of the 5-minute and 3-minute oscillations
power, it can be seen at the time the AR starts to emerge, the oscillation power decreases. It is a
well-known fact that magnetic fields on the sun, above a certain field strength, suppress the
plasma dynamics including solar oscillations. The 5-minute oscillation power decreases for a
whole period of time (until the end of our observing time). The 3-minute power oscillations first
start to decrease at about hour 14, then it starts to increase again. The increased 3-minute
oscillation power around ARs have been observed before (e.g. Muglach et. al. 2005, Hanson, et
al. 2015) and are called oscillation power halos. They are most likely the cause of the power
increase in Graph 3, although it is spatially integrated.

Both oscillation power graphs show an increase of power a few hours prior to the emergence
time. This effect is unexplained and has to be confirmed by additional observations. We are
planning to analyze several other ARs to confirm these results and to investigate their possible
use for the forecasting of AR emergence.

REFERENCES/ACKNOWLEDGMENTS

Canfield, R. (2000) Solar Active Regions. In Encyclopedia of Astronomy and
Astrophysics. Retrieved from http:/solar.physics.montana.edu/canfield/papers/ We gratefully acknowledge support from

EAA.2023 . . . .
Grzegorz, M., & Yashiro, S., (August 2013). CMEs and active regions on the the Catholic UnlverS|ty, SES', Teresa Nieves-

sun. Advances in Space Research, volume 52, issue 3. Retrieved from http:// : : (. : :
www.sciencedirect.com/science/article/pii/S0273117713001889. Chinchilla, Silvina Guidoni, NASA MUREP
Gopalswamy, N., Yashiro, S., & Akiyama, S. (22 June 2007). Geoeffectiveness . .

of halo coronal mass ejections, volume 112, issue A6. Retrieved from http:// Communlty College Curriculum Improvement

onlinelibrary.wiley.com/doi/10.1029/2006JA012149/abstract : . :
Journal. Muglach, K., Hofmann, A., & Staude, J. (2005). Dynamics of solar (MCBI); the Natlonal SC|ence Foundatlon

magnetic field topology. Astronomy and X\”s'i'ﬁop“ﬁi’s'icii‘dvé?u‘?e S sswe 5. (NSF) Geosciences Directorate & The

Hanson. Chris S, Donea, Alna C.. Leka, K. D. (2015) Enhanced Acoustc  Catholic University. We would also like to

So Prysie. Volume 200 Retiored from - hiomadeats maverdeqey  thank NASA Goddard Space Flight Center

abs/201950PN..290.2171H Facility, CCMC team, Nick M., and Lisa
Daniels.



http://solar.physics.montana.edu/canfield/papers/EAA.2023
http://solar.physics.montana.edu/canfield/papers/EAA.2023
http://www.sciencedirect.com/science/article/pii/S0273117713001889
http://www.sciencedirect.com/science/article/pii/S0273117713001889
http://adsabs.harvard.edu/abs/2005A%26A...437.1055M

